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Abstract 

This paper presents design of solid state transformer with a direct AC -AC matrix converter which is placed at 
output stage of solid state transformer. This proposed solid state transformer help to get higher efficiency for 
grid system. This Solid State Transformer (SST) is consist of three stage , AC-DC converter, DC-AC converter, 
AC-AC converter have been integrated. To obtain a higher efficiency from other SST with DC-link topologies, 
the two stage of conversion i.e. AC-DC and DC-AC conversion have been integrated in one matrix converter. 
The new proposed SST performs typical functions and has advantage of power factor correction, voltage sag, 
voltage swell, voltage flicker and protection under different fault conditions which are very important to 
maintain in grid system. This new proposed topology has light weight, reduction of dangerous dielectrics, low 
volume and very well protected because SST uses medium frequency transformer. The performance and 
operations of the SST with matrix converter have been investigated in MATLAB/Simulink and verified by 
simulation results. 
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I. Introduction 

Transformer are extensively used in electrical power system especially in grid system to perform a 
primary functions like voltage transformation, power distribution and isolation. Transformer is one of 
most heaviest and expensive devices in electrical system because of huge number of iron core and 
heavy copper windings in composition [1-2]. A new type of electronic transformer based on power 
electronic converters has been introduced, which apprehend voltage transformation, galvanic isolation 
and power quality improvement in single device. The SST provide more fundamentally different and 
more complete approach in transfer design by using power electronic on primary side and secondary 
side of transformer. Several features like voltage sag, voltage swell, and voltage regulations are 
compensated and power factor correction combined into SST. 

In era of grid, customers have advanced requirement of power supply such as various custom power 
quality, kinds of power supply and so on. The traditional transformer have been challenged, which 
could not satisfy the demand of grid system in medium low voltage distribution work, users hope that 
transformer could supply kinds of functions with elimination of power quality aberration and provide 
cascaded power quality and various type of power resources [17-18]. Solid state transformer is better 
solution for this type of work. Fig 1 shows the connection of SST with grid system. Different type of 
topologies has been presented for realizing the SST. This AC-AC buck converter has been used 
without isolation transformer. This method has causes the semiconductor devices to carry a high 
stress. 

In second type, line side AC waveform is modulated in medium frequency square wave and coupled 
to the secondary side of Medium Frequency (MF) transformer and again is demodulated to AC form 
by a converter in second side of transformer. This method however does not provide any benefit such 
as voltage regulation and voltage sag due to lack of energy storage system [3-6]. Another three part 
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design has been introduced that utilized an input stage, isolation stage, output stage [7-13]. This type 
enhanced the flexibility and functionality of electric transformer owing the availability of DC-links. 

In recent years, matrix converter has increases attention as variable voltage variable frequency AC- 
AC power processing system with the applications of require smaller size, high power density and 
easier maintenance [14-16]. This paper investigate the SST that includes three parts input stage, 
isolation stage, output stage including the AC-AC converter. AC -AC converter can generate the 
desired output from the square input voltage and its main purpose is to reduce the component and 
conversion stage. There are many different switching algorithm in converter has been used. In this 
paper, carrier based SPWM is used which is very popular. To verify the performance of SST with 
matrix converter, computer aided simulation are carried out by MATLAB/Simulink. 



Fig 1 Basic structure of SST with grid connected. 


II. Conventional SST 

In SST using the MF AC-link without DC-link capacitor, the line side AC waveform is modulated 
with a converter to a MF square-wave and passed through a MF transformer and again with a 
converter; again demodulated to a AC power frequency. Since the transformer sixe is proportional to 
frequency, the MF transformer will be much than power frequency transformer. So, the transformer 
size, weight and stress factor are reduced [3]. This converter does not provide any benefits in term of 
control or power factor improvement, and may not protect the critical loads from the instantaneous 
power interruptions due to lack of energy storage system and also does not provide any protection 
from harmonics from propagating into load side. SST with DC-link includes three stages. First stage 
consist is an AC -DC conversion step which is utilized to shape the input current, to correct the power 
factor and to regulated the voltage of primary bus. Second stage is an isolation stage which provides 
isolation between primary side and secondary side. In this stage, DC voltage is converted into the 
medium frequency square wave voltage, coupled to secondary MF transformer and converted to form 
the DC-link voltage. The output voltage is voltage source inverter which is converted into desired AC 
voltage [4-8]. In comparison with first SST, the voltage or current of SST can be flexibly controlled in 
either side of MF transformer. It is possible to add energy to enhance the ride -through capability of 
SST or to prepare integrated interface for distributed resources due to available of DC-links. It 
prevents the voltage or current harmonics to propagate either side of transformer even if the input 
voltage has low order harmonic but they need they need too many AC or DC-link, large bulky 
magnetic component or DC electrolytic capacitor. Thus they are resulted in a rather cumbersome 
solution and multiple conversion steps can losses the efficiency of transformer. 

III. Proposed SST 

Proposed solid state transformer is consist of three stage, first stage is consist of AC -DC converter, 
second stage is isolation stage which provide isolation between the primary and secondary side of 
transformer and it is consist of DC-AC converter with medium frequency transformer, provide high 
insulating capability. The first and second stage is same as the conventional transformer. In this paper, 
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a new configuration based matrix converter is shown in Fig 2, in proposed SST the output stage 
consist of AC-AC converter which is matrix converter. 



Rectifier stage 


DC-link 


Inverter 


stage 

Fig 2 Block diagram or proposed SST 


MF 
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AC-AC 

converter 


It can provide desired output voltage and it performs power quality problems like voltage sag 
compensation, power factor correction. SST has capability of providing three phase output from 
single phase system. Three stage of SST can be controlled independently from other one. Capability 
of eliminate the power quality problem can be done by using closed loop control and correlative 
research is necessary. The reliability of system is proportional to the number of its components. The 
main purpose of proposed SST is reduced in power delivering stage in SST with DC-link. 

3.1 Input stage 

Input stage is a three phase Pulse Width Modulation (PWM) rectifier, which is used to convert 
primary low frequency voltage to DC voltage. The main function of rectifier is to produce a nearby 
sinusoidal waveform, shaping the input current, controlling the input power factor and keeping the 
DC voltage at desired reference value. There are many control methods that presented for control of 
input stage of conventional SST, which could be used for control of input stage of proposed SST. In 
Fig 3, shows three phase rectifier with inductances. A three phase PWM rectifier is used in this paper, 
which work as same as conventional SST input stage. To keep the desired DC voltage and input 
current sinusoidal, a DC voltage outer loop, a AC current inner loop is used are adopted [6-8]. Fig 4 
shows the input stage control, the reference of active current derive from the DC voltage outer loop. 
The reference of reactive current should be zero to get unity power factor. The current error signals 
are input the current regulators and then from modulation signals. If the d-axis of reference frame is 
synchronous to the grid voltage then we obtain Vi nq =0. 



Fig 3 Structure of proposed input stage of SST 
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Fig 4 Input stage control diagram 


3.2 Isolation stage 

Isolation stage is consists of a single phase medium frequency voltage source converter which convert 
the DC voltage to AC voltage square voltage with a medium frequency and MF transformer. The 
main functions of MF transformer are voltage transformation, isolation between the source and load 
side [8-9]. Structure of isolation stage is shown in Fig 5. The circuit diagram is same as H-bridge cell. 
To simplify the control of h-bridge cell, an open loop control is used. The main principle of 
modulation is to provide comparison between square reference waveform with a zero carrier 
waveform. The operation of voltage source converter is described as bellow: 

Condition 1, if sine wave is greater equal to 0 then HI and H2 are turn ON. 

Condition 2, if sine wave is less than 0 then H3 andH4 turn are ON. 

If sine wave have a frequency f r and an amplitude A r then output voltage of voltage source converter 
frequency will be f r . By neglecting the losses of medium frequency, the medium frequency 
transformer can be treated as proportional amplifier. The simplified model of transformer is presented 
as: 


r s = 


Vi 


(i) 


V s , V t are the primary and secondary voltage of transformer and N s , N t are turn ratio of primary and 
secondary side of MF transformer. ^ ^ 



3.3 Output stage 

The output stage of SST contained Matrix Converter (MC) which has a novel functional conversion of 
square wave medium frequency to power frequency voltage. Matrix converter topology employs six 
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bidirectional switches to convert medium frequency to direct power frequency (50 or 60 Hz) three 
phase output. The anti-parallel IGBT with diode pair arrangement has been done in proposed SST and 
this bi-directional switch consist of two IGBTs and two diodes, which have capability of blocking 
voltage and current in both directions. This proposed matrix converter provide us desired output 
voltage and current with suitable frequency and perfect waveform shape. Sinusoidal Pulse Width 
Modulation (SPWM) has been used to provide switching to matrix converter. The operation of 
SPWM is based on comparison of a sinusoidal references waveform with triangular waveform and the 
result of comparison provide us correct switching operation corresponding to the given output voltage 
level. In this paper, SPWM is applied to the matrix converter is employed. For proposed SST, matrix 
converter is composed with SPWM and one control signal. The signal produce by the SPWM is 
compare with control signal (NPD). NPD is a negative polarity detective. Fig 6 shows the circuit of 
NPD generator and switching pattern is expressed as bellow: 

Gate signals = (SPWM signals) XOR (NPD signal) (2) 



Fig 6 Proposed matrix converter 



NPD 


Fig 7 NPD generator 


There two important parameters to define the amplitude modulation ratio or modulation index m, and 
the frequency modulation ratio p in switching algorithm which define bellow: 

m = l/re/max /,/ (3) 

/ v carriermax 


V 



(4) 


Equation 3 shows the amplitudes of references voltage V re f max and carrier voltage V carriermax and 
Equation 4 shows modulation ratio with frequency of main supply f s and frequency of triangular 
carrier/ r . The matrix converter is controlled by the PWM method, in which the direct axis, quadratic 
axis, zero sequence quantities for three phase sinusoidal signal are computed by Park transformation. 
Then d-q voltage terms are compared by Vdref and V^/and error signal enter to three phase sinusoidal 
abc voltage terms and used to generate appropriate matrix gate pulse. 
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Fig 8 Control circuit of output stage 

IV. Simulation Results 

To investigate the performance of proposed SST, the design was simulated to predict as a steady state 
condition and results obtained on the computer software based MATLB/Simulink. In this simulation 
input phase to phase voltage is taken as llkV and SST power is 30kVA and other different 
parameters are shown in Table 1. 


Table 1 Parameters of simulation 


Parameters 

Values 

Input phase-phase voltage 

llkV 

DC link capacitor 

2000 fiF 

Power Frequency 

50Hz 

M.F. Transformer 

10:1, 1000Hz, 30kV 

Output phase voltage 

400kV 

Matrix converter switching frequency 

2050Hz 

LC filter 

2mH, 220 fiF 

SST Load 

20kW + jlOkVAR 


4.1 Operation of Proposed SST 

Result s of output waveforms of proposed SST are shown in figure 9. Fig 9 (a) shows the input phase 
to phase voltage, (b) shows the input DC link voltage is 6800 V and the voltage controller act so that 
DC link regulated to the reference value, (c) depicts the output voltage of VSC in isolation stage that 
transfer DC voltage to medium frequency AC voltage as primary voltage of MF transformer. The 
level of secondary side voltage is changed by MF transformer in (d) in the output stage the medium 
frequency voltage is revealed as a 50 Hz by matrix converter, (e) shows line voltage between phase 
(a) phase (b) before LC filter and Load voltage is shown in (f). 
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xio 4 Vabc_B1 (pu) 



(a) 


Vdc 



(b) 




(d) 
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Vab 



Time 


(e) 



(f) 

Fig 9 (a) Input phase voltage (Vabc_Bl) (b) DC-link voltage (c) MF primary side voltage (d) MF secondary 
side voltage (e) Output line voltage before filter (f) Output line voltage 

4.2 Proposed SST work under voltage sag condition 

Considered a three phase balanced voltage sag with 50% depth created 0.2s by simulating a remote 
three phase voltage fault. Input line voltage Vm, the DC link voltage Vdc, output voltage before filter 
Vab, the load voltage Vo of the system with proposed SST are shown in figure 10. When the voltage 
occurs and clears the DC voltage deviated shown in Fig 10(b). The grid current during the sag is not 
instant, the current will increase to maintain the DC voltage Vd C . The allowable increased in current is 
depends upon the compensation percent. Also the output voltage controller makes the matrix 
converter to generate the voltage so that the load voltage remains as presage voltage. 


xio 4 Vabc_B1 (pu) 



(a) 
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Vdc 
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(b) 


Vab 



Time 


(c) 



(d) 


Fig 10 (a) input voltage (b) DC link voltage (c) output line voltage before filter (d) output line voltage before 

filter (d) output voltage 

4.3 When DC link value is undesirable 

If the DC-link voltage is not adjustable in desired value then the voltage of load drop is not supplied 
well. Fig 11(a) input voltage with fault condition at 0.2s. (b) voltage DC-link, in 0.2s the voltage is 
decreased. The load output voltage is shown in (c). In this state the converter cannot regulate output 
voltage at desired value. 
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Vdc 



(b) 



(c) 

Fig 11 (a) Output voltage (b) DC-link voltage (c) output voltage. 

V. Conclusion 

In this paper, a new configuration of solid state transformer with DC-Link capacitor has been 
configured. To obtain higher efficiency AC -DC and DC-AC converters has been integrated in one 
converter without any DC-link at output stage of SST and only one DC-Link has been used in 
proposed SST. In proposed SST AC -AC converter matrix converter has replaced two converters (AC- 
DC and DC-AC converter) and switching of matrix converter is easy and not complex. These plans 
decrease the installation area and increase the dynamic velocity of transformer. In addition, in this 
paper has many advantages such as power factor correction, voltage regulation, voltage sag and swell 
elimination, voltage flicker reduction. Simulation result shows some of the advantages of proposed 
SST. 

Acknowledgements 

We would like to express my heart-felt gratitude and regards to my research guide Dr. Vikramaditya 
Dave, Asstt. Professor, Department of Electrical Engineering, for being the corner stone of my 


460 


Vol. 9, Issue 4, pp. 451-462 


International Journal of Advances in Engineering & Technology. Aug., 2016. 

©IJAET ISSN: 22311963 

research work. It was his incessant motivation and gives direction during periods of doubts and 
uncertainties that has helped me to carry on with this research work. 


References 


[1] S. Srinivasan, and G. Venkataramanan, (1995), Comparative evaluation of PWM ac-ac converters, in: 
Proceeding of IEEE Power Electronic Specialist Conference, PESC 1995, Atlanta-Canada, vol. 1, pp. 
529-535. 

[2] M. Kang, P.N. Enjeti, I.J. Pitel, (1999) Analysis and design of electronic transformers for electric 
power distribution system, IEEE Trans. Power Electron. Vol. 14, no. 6. 1133-1141. 

[3] H. Krishnaswami, and V. Ramanarayanan, (2005) Control of high frequency ac link electronic 
transformer, IEE Electron. Power Appl. Vol. 3 no. 152. 509-516. 

[4] M. Sabahi, S.H. Hosseini, M.B. Bannae Sharifian, A. Yazdanpanah Goharrizi, G.B. Ghareh SS Tian, 
(2009) Three-phase dimmable lighting system using a bidirectional power electronic transformer, IEEE 
Trans. Power Electron. Vol. 3, no. 24. 830-837. 

[5] J. Aijuan, L. Hangtian, L. Shaolong, (2005) A three-phase four-wire high-Frequency ac link matrix 
converter for power electronic transformer, in: Proceeding of Eighth International Conference on 
Electrical Machines and Systems ICEMS, Shanghai-China, vol. 2, pp. 1295-1300. 

[6] E.R. Ronan, S.D. Sudhoff, S.F. Glover, D.L. Galloway, (2002), A power electronic -based distribution 
transformer, IEEE Trans. Power Deliv. Vo. 17. 537-543. 

[7] D. Wang, C.X. Mao, J.M. Lu, S. Fan, (2005), Electronic power transformer based power quality 
control method, High Volt. Eng. Vol. 8 no. 31. 63-65. 

[8] D. Wang, C. Mao, J. Lu, S. Fan, F.Z. Peng, (2007), Theory and application of distribution electronic 
power transformer, Electric. Power Syst. Res no. 77 .219-226. 

[9] D. Wang, C. and Mao, J. Lu, (2008), Coordinated control of EPT and generator excitation system for 
multi-double-circuit transmission-lines system, IEEE Trans. Power Deliv. Vol.l no. 23. 371-379. 

[10] H. Liu, C. Mao, J.M. Lu, D. Wang, (2009), Optimal regulator-based control of electronic power 
transformer for distribution systems, Electric. Power Syst. Res no. 79, 863-870. 

[11] H. Fan, H. Li, (2010) A distributed control of input- series-output parallel bidirectional DC-DC 
converter modules applied for 20 kVA solid state transformer, IEEE Appl. Power Electron. Conf. pp. 
939-945. 

[12] T. Zhao, G.Wang, J. Zeng, S. Dutta, S. Bhattacharya, A. Q. Huang, (2010) “Voltage and power balance 
control for a cascaded multilevel solid state transformer”, IEEE Appl. Power Electron. Conf., Palm 
Springs-USA, pp. 761-767. 

[13] J. Shi, W. Gou, H. Yuan, T. Zhao, A.Q. Huang, (2011) Research on voltage and power balance control 
for cascaded modular solid state transformer, IEEE Trans. Power Electron. Vol. 4 no. 26 .1154-1166. 

[14] H.H. Lee, H.M. Nguyen, T.W. Chun, (2008) Implementation of direct torque control method using 
matrix converter fed induction motor, J. Power Electron. Vol. 1, no. 8. 74-80. 

[15] R. A. Hooshmand, M. Ataei_, M. Hosein Rezaei,(2012), Improving the dynamic performance of 
distribution electronic power transformers using sliding mode control, J. Power Electron. Vol.l, no. 
12.145-156. 

[16] S. Ratanapanachote, Application of an electronic transformer in a power distribution system, submitted 
to the Office of Graduate Studies of Texas A&M University in partial fulfilment of the requirements for 
the degree of DOCTOR OF PHILOSOPHY, August 2004. 

[17] Swapnil bhuskute, v. S. Pawar, (2015) Solid State Transformer for Smart Grid System Application. 
IJRECE. Vol. 2, Issue 3. 2393-9028. 

[18] Prashant Kumar, (2014) Application of Distribution Power Electronic Transformer for Medium Voltage 
International Journal of Power Electronics and Drive System (IJPEDS) Vol. 4, No. 4, pp. 547-556 


Authors 

Maya Buliwal received B.tech degree in Electrical and Electronics Engineering in 2014 and 
pursuing M.tech in Power Electronics from College of Engineering and Technology, Udaipur. 


Priyambada Shahi received B.tech degree in Electrical and Electronics Engineering in 2009 
and pursuing M.tech in Power Electronics from College of Engineering and Technology, 
Udaipur. 




Vol. 9, Issue 4, pp. 451-462 





International Journal of Advances in Engineering & Technology. Aug., 2016. 

©IJAET ISSN: 22311963 


Divya Singh Chouhan received B.tech degree in Electrical and Electronics Engineering in 
2014 and pursuing M.tech in Power Electronics from College of Engineering and Technology, 
Udaipur 



Vikramaditya Dave, M.E.(Hons), Ph.D. (IITR), Assistant Professor (Senior Scale) at Dept. Of 
Electrical and Electronic, College of Technology and Engineering, Udaipur 



462 


Vol. 9, Issue 4, pp. 451-462 


